Patent has assumed a protagonism in the transformation of knowledge and technology to allow some kind of economic exploration. However, researchers have some problems to define the correct value of their patent to sell it to industries or governments. The purpose of this paper is to explore the approaches and methods of patents valuation, especially in technology transfer process between universities-industries. It was made the review and examination cost-based, market-based and income-based approaches and their corresponding methods of patents valuation: Incurred-cost, costing, comparison-based and real options. Patent valuation will be presented to researchers, managers and other actors involved with innovation with the aim of creating at the universities their own valuation model focused on a better technology transfer process within industries, and consequently generate additional profits to the university third mission.
Introduction
Universities have always been involved in technology transfer activities (Geuna & Muscio, 2009 ), which are not something actually new because the university-industry collaboration begin back to the 1.800s (Borrell & Damian, 2010) . However, only in early 1.980s, the number of universities that actively created ways for selling their ideas, technologies or products to industries or governments started to grow up (Ranga & Garzik, 2015) .
The result has been a reformulation of the researchers-inventors goals (Audretsch et al., 2014) which requires nowadays entrepreneurship and technology transfer competences able to generate, use, apply and explore academic results outside academic environment (Molas-Gallart & Castro-Martí nez, 2007) . Nevertheless, it is an opportunity to go on with the opening of universities with the intention of starting an exchange outside the scientific environment and finding answers to social issues (Pausits, 2015) .
Furthermore, patents or otherwise intellectual property protections to safeguard academic results represents a predisposition to allow some kind of exploration of these intellectual properties by industries or governments (Jensen & Thursby, 1998; Siegel et al., 2003) . In this context, patents assume a protagonism into the transformation of knowledge and technology to marketable products (Etzkowitz & Leydesdorff, 2000; Grimaldi & Grandi, 2005) . Thursby et al. (2001) and Frietsch et al. (2014) , describes patent as a set of exclusive rights granted normally by a sovereign state according to national laws and international agreements to an inventor or assignee for a limited period of time to make, use and sell it, as well to exclude others from any kind of exploitation. In addition, a patent application must reveal all details of the invention, so that others can use it to further advance technology with new inventions (Jensen & Thursby, 1998) .
Definitely, selling products or technologies patents to non-academic institutions is not such a simple task for researchers-inventors, because there are many legal and practical limitations that do not concern daily activities of researchers (Wright et al., 2004; Ambos et al., 2008) . However, regardless of the researcher-inventor fieldwork and experiences, the patent valuation is one of the most difficult steps on technology transfer process (Wu & Tseng, 2006; Taheri & Geenhuizen, 2016) .
In this context, the purpose of this paper is to analyze the approaches and methods of patents valuation, reference on the technology transfer process between universities-industries. The core argument is that the approaches and methods of patents valuation must be understood as a management tool that allows researchers to conduct a better commercialization process within industries. The methodology of this paper was designed to employ an inductive approach, in which it was made the review and examination of literature with intersections of patents valuation methods, technology transfer and other related themes. This paper is organized in the following way: a discussion of the literature review in Section 2 about the technology transfer and commercialization. In section 3, it is placed the approaches and methods of patents valuation. The Section 4 is placed by the conclusions with the limitations of the research and directions for further researches.
Technology Transfer and Commercialization
With the aim of improving the innovation performance and build a competitive advantage for industries as well as universities, technology transfer plays an important role in the interface between basic science and product development (Ranga & Garzik, 2015) . Therefore, technology transfer can be defined by the movement of technology via some communication channels from one place to another, for example, from a university to an organization, or from a country to another (Rogers et al., 2001; Guan et al., 2006; Zhao & Reism, 1992) .
AUTM (2002) indicate points out the technology transfer as a process of transferring scientific findings from one organization to another. Gervais et al., (2016) , on the other hand, point as a combination of activities that requires a multidimensional approach with a long-term process of interaction between organizations. Bukala (2008) also puts the technology transfer as an interaction instrument between two or more organizations during a knowledge or technical producing process to create a new product or service.
Nevertheless, technology transfer is not just a movement or delivery innovation. It is a dynamic, complicated and a multidisciplinary process whose success owes to factors coming from other sources (Jafari et al., 2014) . Burhanuddin et al., (2009) argue that it is usually considered as a dissemination of information, harmonizing technology with needs and creative adaptation of items for new applications. In addition, technology transfer involves any kind of activities and processes through the incorporated products, processes, or knowledge which are passed from one user to another (Besant & Rush, 1993) .
The dynamic nature of technology transfer has contributed to the existence of many definitions and concepts (Chapple et al., 2005) . However, based on literature studies (Etzkowitz & Leydesdorff, 2000; Phan & Siegel, 2006; Ranga & Etzkowitz, 2013; Audretsch et al., 2014) , it is evident that technology transfer has a wide conceptualization, because it refers to use, mobilization, application, exchange, development and management related to a product, service, technology and knowledge. Bozeman (2000) argues that the definition of technology transfer sometimes can create a misunderstanding due to different references involved. However, the point is: it will be successful when the technology will be brought into the market, with a purpose for further use and commercialization (AUTM, 2002; Geuna & Muscio, 2009) . It is also important to note that analyzing and understanding technology transfer from universities into marketable ideas thus becomes one of the most important topics in academic research (Audretsch et al., 2014) .
The technology transfer in a university-industry interaction perspective is able to produce innumerous benefits to society through promoting industries competitive advance and consequently improving national and regional economic growth (Phan & Siegel, 2006; Perkmann et al., 2013) . Although, these benefits in the universities are mainly focused on maximizing social return on public investment in research and effort to improve universities' self-sustenance (Gervais et al., 2016) , creating revenue, which is typically reinvested in academic research (Chapple et al., 2005) .
Furthermore, Zhao and Reism (1992) argue that the term -transfer‖ in addition with -technology‖, is usually involved in a -sale‖ of such technology. For this reason, the term -commercialization of technology‖ is found in several studies (Siegel et al., 2003; Chapple et al., 2005; Geisler & Turchetti, 2015; Mattila & Lehtimaki, 2016) .
According to Geisler and Turchetti (2015) , the main purpose of technology transfer is to generate a commercialization process in which the outcomes from researches play an important role in society. These outcomes are related to introducing a new idea, a technological solution, a product, a service, a process, a policy, an organizational form or a firm to the market (Markmann et al., 2005; Mattila & Lehtimaki, 2016) .Consequently, commercialization is related to all universities activities that are involved in achieving a new technology or any finding resulting from academic campus and the attempt to incorporate these results into the market (Geuna & Muscio, 2009 ). Audretsch et al. (2014) emphasizes the key of technology transfer process in universities is to make the results marketable. Perkmann et al. (2013) indicate that one of the universities commercialization goals is to generate intellectual property (invention disclosures and patenting) as well as its commercial exploitation by the creation of spinout companies or the licensing of inventions. It is important to recognize that the university based technology commercialization processes usually include a discovery, assessment for patentability and eventual attempts to transfer and license to the industry (Markmann et al., 2005) However, this process depends on many factors to be successful, which includes, but are not limited to: inducements, engagement, network, policies, culture, resources and barriers (Siegel et al., 2003; Geisler & Turchetti, 2015) . Managing the technology transfer for commercial profit is a huge challenge, it can be painful and difficult to achieve (Wright et al., 2004; Ambos et al., 2008) . Therefore, commercialization among universities, industries and other players cannot succeed without boundary-spanning activities in the organizations involved (Taheri & Geenhuizen, 2016) .
Patents or otherwise protection to safeguard university's intellectual property represents a disposition to allow some kind of exploration from industries or governments (Jensen & Thursby, 1998; Siegel et al., 2003) . Hence, license or otherwise commercialization mechanism represent an exploration of thus outcomes research with the objective to obtain financial rewards (Perkmann et al., 2013) .
In this context, patents assume a protagonism into the transformation of knowledge and technology to marketable products (Etzkowitz & Leydesdorff, 2000; Grimaldi & Grandi, 2011) . Geisler & Turchetti (2015) mentioned that the number of patents jointly authored by the university and industry is a strong indication about the level of technology transfer between the organizations.
Despite evidence of some improvement in the commercialization process in recent years, there are still many gaps in universities that need to be mitigated or minimized to ensure that innovation will reach the market. One of these gaps is that researchers are having troubles to define the correct value of the patent that is going to be sold to the industries (Markmann et al., 2005) because the financial gains from this commercialization must cover or preferentially generate profits on the investments made by the universities (Mattila & Lehtimaki, 2016) The problem arises because information on technology cannot be provided like goods in general and, as a result, the role of a technology valuation as a complementary measure becomes very important (Baek et al., 2007; Yu & Azevedo, 2008) . Therefore, not all patents are equal and all patents have different economic impact, making careful selection and consideration of valuation procedures necessary (Wu & Tseng, 2006) . Next, the main approaches and methods of patent valuation will be presented to aiming researchers, managers and other actors involved with innovation. All these characters are going to design at universities their own valuation model focused on a better technology transfer process between the industries, and consequently generate a financial gain wanted.
Approaches and Methods of Patents Valuation
The term valuation refers to the task of determining the monetary value of an asset, object, technology, or entity over its future financial performance (Boer, 1999; Yu & Azevedo, 2008) . The task is quite similar to what investors normally hold on stock exchanges (Pitkethly, 1997) since valuation is determined on the basis of economic scenarios and return on investment analyzes (Amaral et al., 2014) .
As patents valuation is the main scope of this paper, it must be understood as a task of establishing the monetary value of a new idea, of a new technology or of a new product to be commercialized for those interested in its economic exploitation in the future (Pitkethly, 1997; Geisler & Turchetti, 2015; Mattila & Lehtimaki, 2016) .
Usually, patents from universities are valued for future licensing, royalties and acquisitions by industries. However, the main reason for valuing a patent is to maximize its value and, consequently, become an additional source of revenue for universities that reinvest in research (Tukoff-Guimarã es et al., 2014).
Several authors (Smith & Parr, 2000; Pitkethly, 1997; Hall, 2004; Wu & Tseng, 2006) define three basic groups of patent valuation methodology: cost-based, market-based and income-based. Universities or inventor-researchers should choose one of three approaches, each one of them will embrace several methods that will determine how patent valuation will be carried out.
Cost-based Approach
This type of approach aims to determine the monetary value of the patent in relation to its development cost, in other words, how much was actually spent to create this new technology or product (Carte, 2005) . This cost refers to the investments made from the development of the research to the patenting process, and the value of the total cost will serve as an initial basis to determine the sales value of this patent.
This approach can be used in two distinct marketing situations. The first refers to when the university or researcher-inventor seeks to determine all the amount spent on the development of this new technology or product and it has, as main objective, to recover the investment made. The second situation refers to the industries (potential buyers of the patent), since they can estimate the cost of inputs, equipment, taxes, among other things, to obtain this patent and to estimate the purchase value of it (Smith & Parr , 2000) .
For Santos and Santiago (2008) , this approach has as its main advantage, to be a simplified process where the costs are determined directly with the information raised by the university or industry. The value of patents for new technologies is very high, since most of them have no similarity in the market, which makes valuation very difficult through market-based and income-based approaches (Martin & Drews, 2006) . However, this approach does not allow to determine the monetary benefits that a patent can bring in the future (Pitkethly, 1997) , which is why Amaral et al. (2014) recommends that it should only be used only when there is insufficient information about future or market incomes.
Based on this approach, it is possible to user several patent valuation methods according to studies by Pitkethly (1997) , Carvalho (2003) , Wernke (2004) , Hall (2004) , Wu and Tseng (2006) . However, this paper will only address the two main methods: Sunk cost and Costing.
Sunk Cost
For Carvalho (2003) , this method is based on the concepts of cost accounting, in which the cost incurred is understood as the expenditure related to the goods or services used in the production of other goods or services. Smith and Parr (2000) adds that cost incurred is any expenditure that is directly or indirectly linked to the production effort of a good or service.
In this way, the cost method includes direct and indirect costs based on the patent produced, that is, all costs that are naturally identified by the cost object. These direct costs are those directly appropriated to the development, and indirect costs are not directly linked to the patent, being appropriate through apportionment parameters in which it comprises the division of several accounting items (Ferreira, 2007) . The identification of direct costs during the conduct of research or the innovation process is more easily identified than the identification of indirect costs. Consequently, it is necessary to determine apportionment criteria to appropriate the indirect costs to the total cost of the patent (Amaral et al., 2014) . Wernke (2004) emphasizes that this method aims to clearly define all the financial operations used for the development of a patent, since the costs can be grouped and organized according to their origins in order to produce information that will serve as a basis for defining the value of the patent to be marketed.
Costing Approach
According to Souza (2008) the costing method should be understood as a set of technical and accounting elements that can be managed harmonically in order to create a desired financial map. For Leone (2000) , this method provides an opportunity for current financial results to be analyzed and also to identify tax liabilities. Crepaldi (2004) understands that the costing method assists the process to determine the value of the patent, since it provides information in which it is possible to create correlations between cost, volume of production and profit.
According to Martin and Drews (2006) , the costing method becomes extremely interesting for purposes of patent valuation, considering that fixed costs are understood as the financial efforts of the university or of the researcher to have the operational conditions to carry out the research, as well as identify the costs by grouping direct and indirect costs. It should be noted that these fixed and variable costs are easy to identify since the organization and financial control of them are the responsibility of the university or the responsibility of the researcher.
According to Smith and Parr (2000) , there are different ways of classifying the costing method. The first is related to its production activity (cost per order of production or process. The second is related to the form of appropriation (standard, absorption or direct variable). Bruni and Famá (2004) adds that the costing method must be used with extreme care, since it has management purposes and often its theoretical concepts are not applicable to the commercialization of patents.
Market-based Approach
This approach is the most used by researchers-inventors, because it seeks to find the real and present value of a similar patent in the market. Martin and Drews (2006) points out that in this real value, tangible and intangible assets are included and the difference between the market value and the book value is close to the sales value of this patent. In economic terms, Wu and Tseng (2006) emphasize that in this approach, the patent has two values since the cost of developing the patent becomes the minimum value of commercialization while the demand (quantity of possible buyers) determines the sale value.
For Flignor and Orozco (2006) the market-focused approach usually occurs in two steps. The first is the screening, where the processes of similar commercial transactions of this patent are located. The second is the adjustment stage, when the parameters for the analysis of this valuation are defined by techniques, interpretations and estimates of data in the market. However, to take a market-based approach, it is necessary to have reliable accounting data for an impartial analysis as well as several similar patent statistics (Baek et al., 2007) .
This approach has the advantage of defining the value of the patent to be sold closer to those used in the market. On the other hand, a very large amount of business information is required in which the patent is inserted for valuation to succeed (Martin & Drews, 2006; Flignor & Orozco, 2006) . Among them, the following stand out: consolidated and reliable bibliography; support from renowned international institutions; as well as a database of the research institution (Tukoff-Guimarã es et al, 2014). However, since some information on commercial transactions is kept confidential, this approach may be impaired because the comparison may become impracticable.
Comparison-based Method
The comparative-based method is the most intuitive of all valuation methods by comparing the same items in different places. According to Smith and Parr (2000) , it is the method used by the researchers-inventors, because when estimating re-creation costs based on previous research and adding an estimated future value of this patent, it is possible to easily and quickly obtain a value that is compatible with the market.
Meanwhile, since most patents have very specific characteristics and their marketing transactions are restricted among the parts involved, this method may become impractical in the brand valuation process. Ross (1997) points out two basic premises for applying this method successfully: own an environment with a great deal of information about the process of buying and selling similar patents, as well as the identification and access of these commercial contracts. Baek et al. (2007) add that this method should only be used when there is similar information on development costs and commercial transactions available in the market for the comparison to be carried out effectively.
Income-based Approach
HIPO (2011) conceptualizes the approach with focus on the income as a slope that qualifies the future potential of possible generations of values from the commercial exploitation of the patent. Flignor and Orozco (2006) point out that this approach uses the basic premise of definitions that the value of the patent to be marketed is determined by the ability to generate future income for its owners. Pitkethly (1997) points out that this approach is more complex than cost or market ones, since it requires a greater volume of data to generate future cash flows. Some factors are essential in this approach to determine patent valuation, such as an estimation of sales revenues, shelf life and market acceptance risk. HIPO (2011) complements that it is essential to know the forecast of discount rates, market, competition and financial returns from the exploitation of this new asset or technology.
Based on this approach, the authors Pitkethly (1997), Hall (2004) , Flignor and Orozco (2006) , Martin and Drews (2006) and Baek et al. (2007) present several methods. But in this paper, the method will be approached by real options because it is the most used in the valuation of patents.
Real Options Method
The real options method comes from financial options, widely practiced in the real estate securities market. For Cerbasi (2014) , this method is a contractual agreement made between the parts, in which one of them pays a price to acquire a right to decide, within a given period, whether or not to negotiate the patent, for a value decided in advance.
The real options method is interesting according to Carter (2005) since it provides opportunities to increase profits or reduce losses according to the intention of the universities. This fluctuation in value can be defined naturally on the basis of costs or as an investment opportunity because the present value of the cost may change at a later date according to the projection of the initial investments (Pitkethly, 1997) .
Futures and options markets are a reference for price formation derived from commodities and financial assets. According to Oliveira (2014) , this method was designed to protect variation of commodity prices for producers and traders exposed to risks during periods of scarcity and overproduction of the traded product, reducing the risk of price fluctuations.
The valuation method for real options must be understood with one of the methods that allows greater flexibility than the others, since it can be more aligned with the economic view of the market. This flexibility allows the parties involved to decide on the economic scenario, and whether they wish to invest in a new project or expansion or give up the investment. Cerbasi (2014) adds that the real options method is a natural consequence of the circumstances created by the competitive world of business and that provide characteristics of irreversibility, uncertainty and possibility of postponement.
Concluding Remarks
Given the scarcity of research in the area of patent valuation and its interface with technology transfer, this article presented the main approaches and valuation methods, as well as a vast literature review related to those topics.
We are aware that setting the selling price of a patent is extremely complex, as well as not part of the scientific activities of most researchers. However, technology transfer between university-industry will occur with increasing frequency and will require researchers-inventors to be able to value their patents and to realize the marketing process in the best possible way.
It is important to emphasize that although there are three patent valuation approaches that have their respective methods, they must be analyzed by the inventors or managers of the Technology Transfer Office to define which should be used, since each approach and method has very singular specifications that may or may not be in line with the patent being marketed.
In this context, the need to develop research in the area of patent valuation and commercialization, especially in developing countries, in which the process of technology transfer in the universities is still very immature. The approaches and valuation methods presented make it possible to carry out new analyzes and interpretations so that the definition of the value of a patent occurs in a fairer way.
